Abstract. The Prince Charles Mountains have been subject to extensive geological and geophysical investigations by former Soviet,Russian and Australian scientists from the early 1970s. In this paper we summarise, and review available geological and isotopic data, and report results of new isotopic studies (SmNd, Pb-Pb, and U-Pb SHRIMP analyses); field geological data obtained during the PCMEGA 2002/2003 are utilised. The structure of the region is described in terms of four tectonic terranes. Those include Archaean Ruker, Palaeoproterozoic Lambert, Mesoproterozoic Fisher, and Meso-to Neoproterozoic Beaver Terranes. Pan-African activities (granite emplacement and probably tectonics) in the Lambert Terrane are reported. We present a summary of the composition of these terranes, discuss their origin and relationships. We also outline the most striking geological features, and problems, and try to draw attention to those rocks and regional geological features which are important in understanding the composition and evolution of the PCM and might suggest targets for further investigations.
Isotopic Studies
More then 60 whole-rock samples were analysed to obtain Sm-Nd model ages (Table 2 .7-1). These mostly include felsic orthogneisses and schists from the Mawson Escarpment, Mt. Ruker, and scattered localities in the central and northern PCM. The Sm-Nd studies were conducted at IGGP (St. Petersburg) on a Finnigan MAT-261 solid-source mass spectrometer equipped with eight collectors operating in the mode of the simultaneous determination of the required isotopes. The measured Nd isotopic compositions were adjusted to 143 Nd/ 144 Nd = 0.511860 for the La Jolla standard. The Sm-Nd data presented in Table 2 .7-1 include some obtained by the authors earlier, and mentioned by Mikhalsky et al. (2001) ,but the raw data have never been published. Assuming that most of the area experienced thermal reworking at a subsequent stage of evolution, a two-stage model was applied to calculate the depleted mantle (DM) extraction ages.
The Sm-Nd model ages provide evidence for a clear distinction between the proposed terranes. Typical values are in the range 3.9-3.2 Ga for the Ruker Terrane, 3.4-3.0 Ga for the Lambert Terrane, 2.3-1.6 Ga for the Beaver Terrane, and 1.7-1.4 Ga for the Fisher Terrane. The age of the last significant tectonic activity that might have caused Sm-Nd fractionation (T in Table 2 .7-1) is defined by zircon U-Pb data available for some localities in the PCM (Boger et al. , 2001 Carson et al. 2000; Mikhalsky et al. 2001) . Three rock groups collected from Mt. Ruker yielded reasonable Sm-Nd isochrons .The four green schists (presumably metavolcanics) define an isochron with an age of 2917 ±82 Ma (MSWD=0.33,Nd i =0.508446; . Five felsic mica schists from Mt. Ruker, however, show wide variation of isotopic ratios and do not define a reference line. This may be due to sedimentary origin of these rocks, and their isotopic inhomogeneity due to mixing of components derived from various sources. Three metagabbro-dolerite samples and mineral separates (plagioclase, biotite) define an isochron of 2 878 ±65 Ma (MSWD = 0.64, Nd i = 0.507985). Both plagioclase and biotite are thought to be metamorphic minerals, so the age of ca. 2 900 Ma is most likely to reflect that of metamorphism, although the low Nd i value precludes a long pre-metamorphic crustal residence time. The metavolcanics are likely to be roughly co-eval with the metagabbro-dolerites, but their slightly higher Nd i values suggest that they originated from a somewhat different mantle source or experienced more pronounced crustal contamination. The granophyric gabbro collected on the southern slopes of Mt. Ruker is one of only a few unaltered rocks. Its whole-rock and mineral compositions (plagioclase, clinopyroxene) define a three-point reference line corresponding to an age of 2 365 ±65 Ma (MSWD = 1.8, Nd i = 0.508951). Two fresh dolerite dyke samples from southeastern Mt. Ruker plot roughly along this line, producing a five-point isochron of 2 400 ±200 Ma (MSWD = 4.33, Nd i = 0.508934). The initial Nd ratio is somewhat higher than in other analysed rock types, providing evidence that these plutonic rocks were derived from a different (less enriched) mantle source. 
Ruker Terrane
The Ruker Terrane comprises low-to medium-grade metasediments, minor metavolcanics, and granite to granitegneiss locally cut by abundant variously deformed and metamorphosed mafic dykes and sills of two or three generations. The rocks from the Ruker Terrane have highly varied T(DM2) values, but most lie between 3 900 and 3 200 Ma, thus reflecting the most ancient protolith ages. However, some felsic schists from Mt. Ruker have lower T(DM2) ages of <3 000 Ma, providing evidence for either source heterogeneity, or addition of juvenile material during the late Archaean. Much more isotopic data are needed to clarify the geological history of the Ruker Terrane. The rocks of the Ruker Terrane appear to constitute a granite-gneiss basement and one or more supracrustal cover sequences. Presumably cover sequences include the medium-grade Menzies Series of quartzitic to pelitic composition -cut by a 2 580 Ma pegmatite (Tingey 1991 ) -low-grade metasediments, metavolcanics and BIF of the Ruker Series, and low-grade clastic metasediments of the Sodruzhestvo Series. The latter was long believed to be of Mesoto Neoproterozoic age, based on acritarch studies (Iltchenko 1972 ) and the apparent lack of presumed Mesoproterozoic mafic dykes, abundant throughout most of the SPCM (Tingey 1991) . The chemical composition of these dykes suggested a correlation with Mesoproterozoic mafic dykes in Enderby Land and the Vestfold Hills, which allowed these dykes to be used as a stratigraphic marker. However, during the PCMEGA field work, mafic bodies were found to intrude the Sodruzhestvo Series at Cumpston Massif. But, until the age of these mafic bodies is determined, the age of the Sodruzhestvo Series remains uncertain, and well may be either Neoarchaean or Neoproterozoic. We doubt the validity of using mafic dykes uncorroborated as a stratigraphic marker anyway, and the geological composition and structure rather point to its relatively young age. The crystalline basement of the Ruker Terrane includes granite and granite-gneiss (Mawson Orthogneiss); it has been suggested that the Menzies Series rocks together with the Mawson Orthogneiss represent a single complex infracrustal assemblage (Kamenev et al. 1990 ). Two rock associations were distinguished within the Mawson Orthogneiss on compositional grounds (Mikhalsky et al. 2001) : (a) Y-depleted tonalitic to trondhjemitic orthogneiss similar to the tonalite-trondhjemite-granodiorite (TTG) associations, thought to represent new sialic crust formed by hydrous partial melting of a garnet-and/or amphibole-bearing mafic source, and (b) Y-undepleted granite-gneisses enriched in many large-ion and high-field-strength elements, suggesting affinities with A-type granites. TTGlike association seems to be restricted to the south-eastern part of the exposed Ruker Terrane (southern Mawson Escarpment, Cumpston Massif, and Blake Nunataks). The A-type granitegneisses are more widespread. Tingey (1982) distinguished three metamorphic events in this area. Granitic basement rocks show evidence for an early (presumably Archaean) high-grade event since they are commonly migmatitic. There is possible petrographic evidence for granulite-facies conditions during early metamorphism: mafic granulite crops out at Mt. Newton, and orthopyroxene-bearing tonalitic gneiss in the southern Mawson Escarpment. It is unclear whether the latter represents an earlier metamorphic or magmatic event, or subsequent charnockitization. These orthopyroxenebearing rocks do have some primary magmatic textures, but their field appearance clearly indicates subsequent fluid infiltration (charnockitization?). Later metamorphic events were attributed by Tingey (1982) to various amphibolite to greenschist facies events of Mesoproterozoic to Early Palaeozoic age, but this interpretation is not generally confirmed by recent isotopic studies. The geological history of the Ruker Terrane may go back to ca. 3 395 Ma (age of a granite cobble in the Sodruzhestvo Series; Mikhalsky et al. in press), i.e., the initial geological processes were Early Archaean, which is also indicated by Sm-Nd model ages (up to 3.9-3.8 Ga). Emplacement of trondhjemite, likely derived by melting of mafic rocks, occurred at ca. 3 380 Ma and granite at ca. 3 180-3 170 Ma (Boger et al. 2001; Mikhalsky et al. in press) . The minimum age of subsequent deformation is constrained by an age of ca. 2 645 Ma for an undeformed pegmatite (Boger et al. 2001) , and might be approximated by a Sm-Nd isochron age of ca. 3 170 Ma and thermal events recorded by SHRIMP zircon ages of 3 145, and 3 110 Ma.
Biotite granite emplacement at Mt. Ruker was dated at 3 005 ±57 Ma (conventional zircon studies, Mikhalsky et al. 2001 ). This granite is of near-minimum-melt composition. These granites have quite strongly fractionated REE patterns with negative Eu anomalies (Mikhalsky et al. 2001) , consistent with melting of felsic crustal rocks and plagiocla-se fractionation. The ca. 3 000 Ma granite plutons are more fractionated than most felsic orthogneisses from the Ruker Terrane, but their geochemistry suggests they were derived by partial melting of such rocks (Mikhalsky et al. 2001) .
Zircons from Ruker Series metamorphic rocks have a wide range of isotopic ratios indicating a number of thermal events between approximately 3 175 and 2 500 Ma with a major Pb loss at ca. 500 Ma (Mikhalsky et al. 2001 ). Metamorphism at Mt. Ruker occurred at ca. 2 900 Ma as evidenced by our Sm-Nd data, which gives a reasonably lower age limit for the Ruker Series, which is probably Mesoarchaean (TDM 3.3-2.9 Ga). Minor gabbro and dolerite emplacement at Mt. Ruker is dated at 2 365 ±65 Ma (Sm-Nd, this study). The age of these rocks roughly corresponds to the Palaeoproterozoic Rb-Sr ages of high-Mg dykes in the Vestfold Hills and Enderby Land (Collerson and Sheraton 1986; Sheraton and Black 1981) .However, none of the analysed Mt. Ruker rocks are of high-Mg composition, although a number of undated high-Mg ultramafic dykes have been reported from this area (Mikhalsky et al. 2001) . Sm-Nd data on Opx-bearing tonalitic gneiss from the southern Mawson Escarpment show that a thermal event occurred at about 1 900 Ma, although the nature of this event is unclear (we believe fluid infiltration was involved). ), which may be attributed to cumulus processes, and therefore it is possible that they are of intrusive rather than volcanic origin (Mikhalsky et al. 2001) . Whatever their origin, these rocks may mark some Archaean sutures. Their age at Mt. Ruker has already been shown to be Archaean (as they are apparently pre-metamorphic, i.e. pre2 900 Ma).
Beaver and Fisher Terranes
The Beaver Terrane is a long-lived polymetamorphic and polydeformational mobile belt, active between 1 150 and 900 Ma. Peak metamorphic conditions and maximum deformation were attained at ca. 990 Ma, the waning stages lasting until ca. 940 to 900 Ma . A thick tectonic slice of serpentinite in the Radok Lake area (a protrusion?), probably co-eval with D 4 deformation and thrusting dated at ca. 900 Ma by Boger et al. (2000) , gave an age of 1 165 ±13 Ma (conventional U-Pb monazite analysis, Mikhalsky et al. 2001) , which reflects a Mesoproterozoic event of unknown nature about 150 Ma before the metamorphic peak in the Beaver Terrane. Typical Beaver Terrane lithologies in the NPCM are high-grade paragneiss and felsic to mafic orthogneiss, granite gneiss, minor metagabbro, and late-tectonic orthopyroxene granitoids. Igneous protoliths of many granulites may have been produced in a subduction-zone environment (Munksgaard et al. 1992) . The rocks of the Beaver Terrane have T(DM2) ages mostly in the range 2.3-1.6 Ga, indicating that crust-forming processes occurred in the Palaeo-to Mesoproterozoic. One much older model age (3.2 Ga) for an orthogneiss from Else Platform suggests the involvement of a more ancient source in that area. This area in fact is located within the Lambert Glacier rift system and may represent a boundary between, or comprises a collage of, various crustal blocks or sub-terranes. The southern, though not marginal, part of the Beaver Terrane consists of a distinctive rock association of lowto medium-grade metamorphic rocks (metavolcanics), minor metasediments, granite and gabbro (the Fisher Terrane). The Fisher Terrane rocks have DM2 model ages of 1.7-1.4 Ga (Mikhalsky et al. 2001 , and references therein), which are similar to model ages obtained for the Beaver Terrane, although they tend to be somewhat younger. However, the mantle source of these rocks was probably not typical depleted mantle, having lower Nd = +2 to +4 at 1.3 Ga (Mikhalsky et al. 1996) . The mantle source composition of the Beaver Terrane rocks cannot easily be evaluated at the present stage of this study. The Fisher Terrane is largely composed of mafic to felsic schist and gneiss of apparent calc-alkaline affinity. Metabasalts plot within the island-arc or volcanic-arc fields in geochemical discrimination diagrams. Most metavolcanics, especially basaltic andesite and andesite show a prominent negative Nb anomaly on a primitive mantle-normalised spidergram. Granitoids also plot in volcanic-arc fields in discrimination diagrams (Mikhalsky et al. 2001 , and references therein). These features point to formation of the Fisher Terrane rocks in a subductionrelated continental-margin environment. Volcanic activity was dated at ca. 1 300 Ma by both conventional (Beliatsky et al. 1994 ) and SHRIMP (Kinny et al. 1997) 
Lambert Terrane
The area of the central and northern Mawson Escarpment, Clemence Massif, and some outcrops on the western flank of the Lambert Glacier (Mt. Johns, Shaw Massif, and a few smaller nunataks) was distinguished by Kamenev et al. (1993) as the Lambert Terrane. These authors also included Mt. Meredith and nearby outcrops into this terrane which has long been a debatable tectonic province. This area is underlain by high-grade orthogneiss (mostly biotitequartz-feldspar gneiss) and paragneiss, which differs from the Ruker Terrane rocks in by being generally more strongly layered, containing significant garnet, and generally lacking hornblende, allanite and titanite (Mikhalsky et al. 2001 ,and references therein). Prominent rock types are metapelite, metapsammite,calc-silicate, and marble. Significant amounts of weakly deformed mafic rocks crop out in the Rofe Glacier area, and ultramafic bodies (probably thrusted tectonic slabs of orthopyroxenite and amphibolite) occur in some localities, suggesting the presence of a suture zone or other major crustal discontinuity. Our U-Pb data argue for a Pan-African age of this tectonic activity, which may have involved folding and thrusting of a mafic to ultramafic underplate or possibly oceanic crust, into granitic basement. Metamorphic grade in the Lambert Terrane is generally lower than in the Beaver Terrane, but granulite-facies assemblages are known from the very northern part of Mawson Escarpment and Clemence Massif (Mikhalsky et al. 2001) . However, the detail geological and geochronological data for Clemence Massif are yet lacking and its tectonic position is not clear. We favour its inclusion into the Beaver Terrane at the present stage of study on the basis of Grenville-age Rb-Sr dating by Tingey (1982) , although available single Sm-Nd model T(DM) age of 3 188 Ma implies the presence of an ancient source region, which is not typical for the Beaver Terrane. In spite of its somewhat different lithological composition the whole area was tentatively included in the Beaver-Lambert Terrane (Mikhalsky et al. 2001 ) on the basis of very similar Rb-Sr ages. However, recent geochronological work by Boger et al. (2001) and our new data demonstrate that this area more likely represents a separate terrane with its own distinct geological history.Apart from containing abundant late-to post-tectonic granites of Pan-African age (550-490 Ma, Boger et al. 2001) , the zircon populations in these granites as well as in the basement orthogneisses, reveal signatures of widespread Palaeoproterozoic events (ca. 2420 (ca. , 2330 (ca. , 2150 (ca. , 2065 (ca. ,1850 (ca. -1600 , which have not been detected in either Ruker or Beaver Terranes. It is significant that no isotopic evidence for Grenville-age events have yet been found in this area. We conclude from our new data that at least the ca. 2 420, and 2 060 Ma ages re-flect geologically meaningful events (orthogneiss emplacement and metamorphism, respectively), but much further work is needed to fully constrain the geological history of this area. Sm-Nd model ages (3 400-3 000 Ma) of the Lambert Terrane rocks are much higher than those calculated for the Beaver Terrane (2 300-1 600 Ma), but tend to be somewhat lower than those of the Ruker Terrane (>3 200 Ma). These data provide evidence that the Lambert Terrane protoliths have a much longer crustal history than, and may not correlate with, the Beaver Terrane. Nevertheless, some of the Palaeoproterozoic ages from the Lambert Terrane correspond to reported ages of zircon growth at ca. 2 100-1 800 Ma in a paragneiss from Mt. Meredith (Kinny et al. 1997 ). That suggests that Mt. Meredith may represent a separate block of the Lambert Terrane.
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Correlation with Ruker Terrane appears difficult, as the difference between their Sm-Nd model ages is not that striking, although it is just possible that this is due to insufficient sampling of the Ruker Terrane. It is noteworthy that the spectacular mafic dyke swarm in the southern Mawson Escarpment apparently terminates at the boundary of the Ruker and Lambert Terranes, established by abrupt lithological and structural changes there (Kamenev et al. 1990; Boger et al. 2001 ). The dyke swarm may have its northward continuation in the Manning Glacier area, where undated north-south trending metamorphosed mafic dykes are abundant. However, further north, in the Rofe Glacier area, the Barkell Platform, Lines Ridge, and Lawrence Hills, mafic dykes are generally lacking, except as rare thin syn-tectonic bodies.
(1) The U-Pb SHRIMP data quite recently obtained on zirkons from granitic rocks from Mt. Meredith revealed crystallization ages at c. 1300-1100 Ma and c. 500 Ma. These data demonstrate the striking age similarity with the Fisher Terrane (Mesoproterozoic), and the Lambert Terrane (Cambrian).
Discussion
The proposed four tectonic divisions (the Ruker, Lambert, Fisher, and Beaver Terranes) of the PCM seem to fit the available isotopic data. At the same time, the Fisher and Beaver Terranes are of similar origin and have similar geochemical features, and perhaps should be considered a single tectonic entity. The SPCM, which consists of the Ruker and Lambert Terranes, are underlain by material with a long crustal history, starting mostly in the Mesoarchaean. This supports early ideas (Kamenev et al. 1993 ) that the Lambert Terrane represents a reworked early Precambrian assemblage (but not necessaryly the Ruker Terrane) rather than juvenile Proterozoic crust. However, it is still possible that some Proterozoic mantle-derived material is present in the Lambert Terrane. The mafic-ultramafic bodies in the Rofe Glacier area, and Lawrence Hills, although they have not yet been dated, may be examples of mantle derivates or oceanic crust. Some rocks cropping out along the eastern flank of the Amery Ice Shelf (Reinbolt Hills, Landing Bluff) also have Archaean Sm-Nd model ages (3.15-3.0 Ga; Beliatsky, unpublished data). In contrast, the rocks of the Beaver and Fisher Terranes on the western flank of the Lambert-Amery Ice Shelf have (with few exceptions in Else Platform, and Clemence Massif) Proterozoic model ages. These data lend credence to a suggestion that the Lambert-Amery rift system may run alongside, rather than at right angles to, a major crustal (lithospheric?) discontinuity marked by abrupt chance in Sm-Nd model ages (>3.0 Ga on the eastern flank and <2.3 Ga on the western Flank of the LambertAmery Ice Shelf rift system). However, sampling on the eastern flank of the Amery Ice Shelf is very sporadic, and Mesoproterozoic structures and juvenile rock associations may well run across the Lambert Glacier having not been detected yet on its eastern flank.
In the Lambert Terrane, many zircon growth events (2 400, 2 150, 2 060, 1 800, 1 600 Ma, Boger et al. 2001; Mikhalsky et al. in press) support the suggestion that the Lambert Terrane experienced a long and complex Palaeoproterozoic tectonic history. Granite emplacement and high-grade metamorphism (the latter not yet dated) provide evidence for the orogenic nature of at least some of these events. Thus we propose that the Lambert Terrane is a Palaeoproterozoic orogen, although much more work needs to be done to evaluate its origin and geological history. Palaeoproterozoic tectonic activity is not well documented in Antarctica, except within the ca. 1.7 Ga Mawson Block (Fanning et al. 1996) . This landmass is thought to comprise the Gawler Craton of South Australia, George V Land, Adélie Land, and the central Transantarctic Mountains. Its geological history includes various events dated at ca. 3 150-2 950, 2 700-2 350, 2 000, and 1 850-1 700 Ma (Fitzsimons 2003, and references therein Another striking feature of the SPCM is the widespread emplacement of Pan-African granite bodies, as well as prominent deformation of the similar age which caused folding and brought ultramafic material to up-per crust. Pan-African processes are widely regarded as the consequence ofcontinental collision (e.g., Boger et al. 2001; Fitzsimons 2003 ), but we believe that mafic underplate might have been an important tectonic factor as well. Muscovite-biotite pegmatite and granite veins and dykes show syn-to post-emplacement deformation, providing evidence for extensive tectonic activity during magmatism, which puts doubt on the post-tectonic or anorogenic origin for these rocks advocated by the early researchers (Tingey 1991) . It is noteworthy that Pan-African granitic rocks in the SPCM differ in many geochemical respects from otherwise similar rocks in the NPCM, being higher in Al 2 O 3 and Na 2 O, and lower in light REE, U, and Th (Mikhalsky et al. 2001) . These features indicate derivation from different crustal sources. The east-west-trending Neoproterozoic mafic dykes within the Fisher Terrane may indicate a response to roughly north-south direction of Neoproterozoic extension due to Rodinia breakup. Assuming that the subsequent Pan-African compression inherited this general orientation, we believe that any Pan-African suture zone, if it exists,shouldtrend east-west,ratherthan north-south. Table 2 .7-3. Zircon ion-microprobe ages; for further details see Mikhalsky et al. (in press) 
